elevated blood levels of lead in the post natal life of the infant are reported to increase risk fo ADHD. [7] [8] [9] Among mothers of clinical samples of Turkish children and adolescents diagnosed with ADHD, presence of at least one prenatal risk factor is reported to vary between 20.5-39.3%. [10] [11] In the same studies, the prevalence of post-natal problems were reported to be 8.1-15.5 %. [10, 11] Studies on the relationship between prenatal infections and psychiatric diagnoses have mainly focused on schizophrenia and psychotic disorders. [12] [13] [14] However, there are also some supports for the relationship of viral infections and ADHD. [15] [16] [17] First of all, there are reports of seasonal patterns of births of children who would be diagnosed with ADHD and these may support an association with seasonally mediated viral infections. [15] It was reported that exposure to viral infections during winter in first trimester of fetal life or at the time of birth may be a predisposing factor in up to 10 % of patients with ADHD. [15] Viral infections may have effects on various periods of development and infections during pregnancy, at birth and early childhood have been reported to increase risk for ADHD. [16] In a case controlled study from Italy, it was reported that infections with measles, varicella zoster virus (VZV) and rubella were reported significantly more frequently by mothers of children with ADHD, although the rates were small (5.6 % vs 0.0%).
[17] Human Immunodeficiency Virus (HIV) may also elevate risk of ADHD while antibodies to Herpes Simplex virus (HSV) were not found to correlate with ADHD. [18] It is also known that febrile seizures may increase risk of ADHD and that they may be associated with Human herpesvirus 6 (HHV 6) or influenza viruses. [19] Tuberculosis meningitis, enterovirus 71 and coxackie virus are also studied in terms of their relationship with ADHD. [20] [21] [22] Cerebellum may play a role in ADHD in terms of its importance in motor as well as cognitive functions. [23, 24] It is also known that postnatal infections, especially in infancy may lead to hyperactivity. [25] Inflammation of the cerebellum in childhood may be infectious, postinfectious or due to vaccines. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Infectious agents may also be varied. Some of the patients may be asymptomatic through infection or may display only mild symptoms. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Therefore, we aimed to determine the relationships of measles, mumps, rubella, cytomegalovirus (CMV), Ebstein-Barr Virus (EBV), HSV and VZV, which may all be agents of cerebellar inflammation, to ADHD. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] As far as we are aware, no controlled studies on Turkish children and adolescents with ADHD to determine their status of immunity to viral agents have been conducted up to now.
Material and Methods Participants
The records of 6074 patients who were referred to the outpatient clinic of Child and Adolescent Psychiatry Department at the study center between October 2011 and October 2012 were screened for their presenting complaints and those applying for "inattention" and "hyperactivity" were recorded. It was found that 332 patients were referred for those two complaints and received initial diagnoses of ADHD or ADHD-Not Otherwise Specified (NOS). A second review for missing data resulted in 164 patients. After exclusion of patients with ADHD-NOS, 78 patients with ADHD (Combined, Predominantly Hyperactive/ Impulsive and Predominantly Inattentive Subtypes) were selected. The patients were divided into children and adolescents according to their age (< 11 years) and pubertal status in physical evaluations. To be eligible for ADHD the patients should be diagnosed with semi-structured interviews conducted by residents or an experienced child and adolescent psychiatrist according to DSM-IV-TR criteria and Mental Retardation (MR) should be ruled out with Wechsler Intelligence Scale for Children-Revised where appropriate or with clinical interviews. MR was defined as per DSM-IV criteria (i.e. IQ<70 along with dysfunction in at least 2 areas of functioning). Patients who were diagnosed in the interview with ADHD according to DSM-IV-TR and DSM-IV-Based Child and Adolescent Behavioral Disorders Screening and Rating Scale (T-DSM-IV-S) criteria formed the ADHD group. Patients younger than 7 years and those older than 18 years, those with comorbid MR, Autistic Spectrum Disorders and psychotic disorders as well as patients with chronic physical/ neurological disorders were excluded from the study. Thirty healthy patients who were being followed up within the same period at the Pediatrics Department formed the control group. A pediatric evaluation and interview with children and family members helped rule out psychopathology in this group. A child and adolescent psychiatrist ruled out presence of psychopathology. Children and adolescents with ADHD were free to continue their treatments during the study period. All of the study procedures were in accordance with the Declaration of Helsinki and local laws and regulations.
The Institutional Board of Ethics approved of the study protocol and informed consent was procured from the parents as well as the assent of children and adolescents. Eighteen of the patients with ADHD were excluded due to parental refusal of participation or based on the exclusion/inclusion criteria.
Measures/instrumentation
Turgay DSM-IV-Based Child and Adolescent Behavioral Disorders Screening and Rating Scale (T-DSM-IV-S): This scale was developed by Turgay and measures disruptive behavioral problems based on DSM-IV diagnostic criteria. [36] It was translated to Turkish by Ercan.
[37] T-DSM-IV-S is also a four-point Likert-type scale. Nine items in this scale assess severe hyperactivityimpulsivity, 9 items assess attention-deficit, 8 items assess oppositional behavior, and 15 items assess symptoms of conduct disorder. It is completed by parents in the current study.
Wechsler Intelligence Scale for Children-Revised (WISC-R): The WISC-R was designed to measure the IQ of the children between the ages of 6 and 16. [38, 39] The standardization of the WISC-R for Turkish children was conducted by Savaşır and Şahin. [38] For the 16-17 year old group MR was ruled out by developmental history along with Similarities and Digit Symbol-Coding subtests of Wechsler Adult Intelligence Scale.
Procedures
The study was approved by the Abant Izzet Baysal University Ethics Committee. The parents who agreed to take part were provided with patient information sheet, outlining the research protocol and provided written informed consent. Oral assent was also procured from all of the children. Initially, all children were interviewed by a child and adolescent psychiatrist and ADHD diagnoses were made according to the DSM-IV-TR criteria. Parents completed the T-DSM-IV-S. When the clinicians deemed it necessary, WISC-R was also used to rule out MR. The tests were administered by an expert psychologist who had specific training and experience regarding the administration. IgG levels for rubella, EBV, HSV1, CMV (DIA.PRO (Milano, Italy)) and measles, mumps, VZV (NovaTec (Dietzenbach, Germany)) were evaluated from the plasma via micro-ELISA method. Fasting blood was drawn in the morning, prior to stimulant use in children with ADHD. The analyzing laboratory was blind to diagnostic status. 
Statistical Analyses
The records of patients were entered into a database prepared with Statistical Package for Social Sciences for
Results
Within the study period 60 patients with ADHD were enrolled in the study. The patients with ADHD were mostly male (n= 39, 65%). Seropositivity in the ADHD group for viral agents was frequent with rubella and CMV being most frequent (n= 57, 95%; each). It was found that males and those with elevated measles IgG were significantly higher among patients with ADHD (p=0.025 and 0.044; respectively). Comparisons between ADHD and control groups in terms of seropositivity are summarized in Table 1 . It was observed that 13 patients (21.6%) were in adolescence while the rest were children. The proportions of males were 84.6% among adolescents and 59.5% among children. All of the adolescents were seropositive for mumps while 74.4% of children were positive. Comparison of adolescents and children with ADHD diagnosis revealed that positive mumps IgG was significantly higher among adolescents with ADHD (p=0.043). No other differences could be found between children and adolescents diagnosed with ADHD (Table  2) . .7) 11 (84.6) 0.64
When subtypes of ADHD were evaluated, it was found that patients in our study center were mostly of inattentive (IA, n=26, 43.3%) and combined (C, n=24, 40%) types with only 10 patients (HI, n=16.6%) being diagnosed with predominantly hyperactive/impulsive type. Because of the importance of cerebellum in motor functions, we combined ADHD-combined and ADHD-predominantly hyperactive/impulsive types (n=34, 56.6%) and compared them with ADHD-inattentive type in terms of seropositivity. The comparison of subtypes revealed that all of the patients with ADHD-C and ADHD-HI were positive for rubella IgG while only 88.5% (n=23) of ADHD-IA were positive. This difference was statistically significant (p=0.044). No other differences in seropositivity were found (Table 3) . 
Discussion
This study aimed to determine seropositivity among consecutive pediatric patients with ADHD at a tertiary treatment center and compare it with healthy controls. As a result, it was found that patients with ADHD displayed significantly higher positivity for Measles IgG, that children with ADHD displayed significantly higher seropositivity for Rubella while adolescents with ADHD displayed higher positivity for mumps and that patients with ADHD-Combined/Hyperactive-Impulsive subtypes had significantly elevated reactions for Rubella. The diagnosis of ADHD is known to display male preponderance, especially in clinical populations. [40] [41] [42] This preponderance was posited to be due to differing presentations of the disorder. Girls with ADHD predominantly display symptoms of inattention as well as internalizing disorders while boys predominantly display externalizing symptoms requiring applications to clinics. [41] In accordance with the literature, males were more frequent in our sample of patients with ADHD (65%). Immune status of patients with ADHD in terms of viral agents have received limited attention up to now and measles is no exception to this trend. Arpino and colleagues reported that ADHD is more frequently diagnosed among offspring of mothers who contracted measles during pregnancy.
[17] Measles seropositivity was also significantly higher among our sample with ADHD, especially if motor hyperactivity was part of the picture. It is known that infection during pregnancy may be risk factor for psychopathology among offspring. This risk seems to be associated with Toxoplasma gondii, rubella, HSV-2 and influenza. In schizophrenic patients an association between rubella, VZV, measles, CMV and autistic symptoms has also been reported. Besides, VZV, rubella, HIV, HHV-6, influenza, enterovirus 71, and coxackie viruses as well as M. Tuberculosis and T. gondii have been implicated in ADHD. [12, [18] [19] [20] [21] [22] Infections and immune activation are also implicated in other childhood psychiatric disorders such as Obsessive Compulsive Disorder, Tourette's Disorder and PANDAS (Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococci). [12] Although exact mechanisms are still not known several mechanism may be posited on the relationship of viral infections and risk of ADHD. Firstly, Major Histocompatibility Complex (MHC) proteins may be involved. MHC-Class I proteins are also produced by neurons and nerve cells may use MHC for communication. They may also be involved in synaptic plasticity during embryonic development and in formation of reciprocal connections between brain and eyes. Rodents with MHC deficiencies were shown to display learning deficits. Secondly, infection leads to elevations of IL-1 and 6 and stimulation of vagus nerves, which in turn, stimulates CNS to increase IL-1 and 6 and activate microglia. Cytokines may interact with MHC to affect learning and memory. They are also reported to change activities of monoamine transporters and change synaptic structures. [12] Alternatively, all of those mechanisms may play a role in interaction with genetic polymorphisms. Future, prospective studies on samples of children and adolescents with ADHD may clarify these issues. Regardless of exact mechanism, our results may support the notion that pre-postnatal infections as well as vaccinations with measles may be important for ADHD. [43, 44] Zeegers and colleagues reported that ADHD-HI is the most common type (38%), followed by ADHD-IA (26%) among HIV-infected SouthAfrican children while other studies of seropositivity among children with ADHD generally do not report subtypes. [45] In our sample, the most common diagnosis was ADHD-IA (43.3%), followed by ADHD-C (40%). This discrepancy may be due to sampling bias. The main limitations of our study were the limited sample size from a single center, focusing on a clinical population with ADHD and its cross-sectional nature. The cross-sectional nature of the study precludes us from making assumptions of causality although we tried to posit some hypotheses on the relationship of viral infections and ADHD. Also, the number of comparisons were high for a limited sample and may be affected by Type I errors. Regardless of limitations, or results may show that viral agents especially involving cerebellum may play a role in motor hyperactivity in children and adolescents with ADHD. Future, prospective studies on larger populations conducted at multiple centers may reveal causality.
